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statement  of  the  Problem  Studied: 

Spectroscopic  experiments  designed  to  better 
characterize  excited-state  interactions  between  oxygen  and 
organic  molecules  (M)  were  performed.  Data  were  recorded  in 
both  liquids  and  solid  organic  polymers.  Problems  of 
interest  included  (1)  the  effect  of  an  applied  magnetic  field 
on  the  kinetics  and  yields  of  processes  in  the  M-O2 
photosystem,  (2)  the  effect  of  changes  in  the  M  and  O2 
diffusion  coefficients  on  both  physical  and  chemical 
processes  in  the  M-O2  photosystem,  and  (3)  the  effect  of 
stabilizers  used  to  inhibit  polymer  photodegradation  on 
processes  in  the  M-O2  photosystem. 


Summary  of  Results: 

All  results  have  been  or  will  soon  be  published  in 
journal  articles.  The  list  of  these  publications  is  provided 
on  page  5.  Outlined  below  are  some  important  points. 

i.  Magnetic  Field  Effects. 

The  working  hypothesis  for  this  study  was  that  the  M-O2 
charge- transfer  (CT)  state  could  be  influenced  by  the 
strength  of  an  applied  magnetic  field.  The  radical  cation  of 
M  and  the  radical  anion  of  O2  comprise  this  state,  and  thus 
both  singlet  and  triplet  spin  states  exist  for  this  radical 
ion  pair  (m+-02“- )  ]  .  It  was  expected  that  the  rate  of 
singlet-triplet  spin  interconversion  in  the  CT  state  would 
depend  on  the  applied  magnetic  field  strength,  and,  as  a 
consequence,  interconversions  between  lower  lying  states  of 
the  M-O2  complex  that  have  CT  character  would  be  influenced 

accordingly.  For  example,  if  the  events  that  result  in  the 
spin  forbidden  transition  M-02(aiAg)  ^M-02(X3Zg-)  depend  on 

the  admixture  of  CT  character,  then  the  rate  of  M-induced 
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02(aiAg)  deactivation  should  depend  on  the  strength  of  the 
applied  magnetic  field.  Furthermore,  this  effect  should  be 
more  pronounced  in  polar  media  where  the  CT  state  is  lower  in 
energy  and  in  more  rigid  media  where  the  M-O2  encounter  pair 
lifetime  is  longer. 

The  experimental  data  supported  the  hypothesis . 

Magnetic  field  effects  were  indeed  observed  on  the  kinetics 
of  several  processes  in  the  M-O2  photosystem.  Furthermore, 
these  effects  were  more  pronounced  in  polar  and  rigid  (i.e., 
polymeric)  media,  thus  implicating  the  CT  state  as  the  key 
intermediate  that  interacts  with  the  applied  field.  These 
results  indicate  that  photochemical  processes  of  practical 
importance  can  be  influenced  by  the  strength  of  an  applied 
magnetic  field.  Such  processes  include  photoinduced 
oxygenation  reactions  that  result  in  polymer  degradation. 

2.  Oxygen  Diffusion  Coefficients  in  Organic  Polymer  Films. 

We  have  developed  a  technique  by  which  oxygen  diffusion 
coefficients  in  polymer  films  can  rapidly  and  accurately  be 
quantified.  Our  method  relies  on  spectroscopically  measuring 
oxygen  sorption  into  the  film.  Unlike  existing  techniques  in 
which  permeability  through  the  film  is  measured,  we  are  not 
susceptible  to  errors  that  arise  from  "pinholes"  in  the 
material.  Furthermore,  we  directly  measure  the  diffusion 
coefficient  (D)  rather  than  the  permeability  which  is  the 
product  of  D  and  the  solubility  (S)  of  the  penetrant.  We  are 
able  to  decouple  these  two  terms,  obtaining  S  in  a  separate 
experiment.  We  are  able  to  determine  D  over  a  large 
temperature  range,  which,  in  turn,  yields  the  diffusion 
activation  barrier.^ 

We  are  interested  in  better  understanding  molecular 
events  in  a  polymer  film  that  both  inhibit  and  facilitate 
oxygen  diffusion.  Our  recent  work  has  focussed  on  the  effect 
of  low  molecular  weight  additives  in  both  polystyrene  and 
polycarbonate.  We  have  particularly  been  interested  in 
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trying  to  understand  features  of  both  the  polymer  and  the 
additive  that  determine  whether  the  additive  acts  as  a 
plasticizer  or  anti-plasticizer.  In  a  somewhat  surprising 
result,  we  have  ascertained  that  other  gas  molecules  (e.g., 
nitrogen,  argon,  helium)  will  act  as  a  plasticizer  and 
facilitate  the  diffusion  of  oxygen  in  a  given  material. 

Our  studies  in  this  area  are  expected  to  be  useful  to 
those  interested  in  gas  separation  membranes,  packaging 
materials,  and  protective  coatings.  In  particular,  we  are 
able  to  comment  on  how  such  additive  containing  materials 
behave  over  a  comparatively  large  temperature  range . 


3.  Detection  of  02(b^Zg^)  in  Solution. 

The  ground  state  of  molecular  oxygen  is  a  triplet  spin 
state  (X^Zg-)  .  The  first  excited  state  of  oxygen  is  a  singlet 
state  (a^Ag)  .  The  photophysics  and  photochemistry  of  this 
latter  state  have  been  well  studied.  02(aiAg)  is  a  well-known 

intermediate  in  many  photo oxygenation  reactions.  The  second 
excited  state  of  oxygen  is  also  a  singlet  state  (biEg+)  . 

Prior  to  our  study,  almost  nothing  was  known  about  the 
solution-phase  (a)  dynamics  of  02(biZg'^),  and  (b) 
photosensitized  yields  of  02(biZg+).  The  latter  was  viewed  as 
being  particularly  important  because  02(biZg+)  is  a  precursor 
to  O2 (a^Ag) . 

In  our  study,  we  were  able  to  spectroscopically  detect 
02(b^2g+)  in  solution  and  monitor  events  that  result  in  its 

(a)  deactivation,  and  (b)  formation  in  a  photosensitized 
reaction. 
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